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ABSTRACT 

Electric energy consumed by the public lighting represents a significant item in the city public sector energy con-
sumption structure, which includes public buildings, public transportation and public lighting. Public lighting system 
is one of the most important public utility activities which is under control of local governments, which pay the costs 
of electricity, as well as maintenance costs. Public lighting affects the quality of life of citizens in cities through, among 
other things, reduction of traffic accidents by up to 35%, personal safety and reduction of social approaches.  

Cities and municipalities in Serbia are predominately using sodium and mercury bulbs for public lighting, but have 
been gradually replacing them with LED bulbs in the recent years. LED technology is a satisfactory, cost-effective 
solution due to low energy consumption, long service life, reduced investment and maintenance costs. Thus, there is 
not only a reduction in energy consumption of up to 70%, but also a large reduction in CO2 emissions. The moderni-
zation of the public lighting system is, in addition to being a useful means of achieving significant energy savings, 
also a means of improving the quality of lighting itself.  

The paper shows how much it is possible to reduce electricity consumption, and thus CO2 emissions, by replacing 
existing lighting with LED lighting. There are 2530 light bulbs in the public lighting system of the municipality of 
Priboj. Until recently, mercury high pressure bulbs dominated – there were 1241 of them, compared to 743 sodium 
ones and 546 LED lamps. After the reconstruction of public lighting, all light bulbs are LED. The paper compares the 
consumption of electricity for the four months of 2019 and the same four months of 2020. It is shown that electricity 
consumption for these four months was reduced by an average of 55%, the average reduction in CO2 emissions was 
55%, while the reduction in electricity costs was an average of 58%.
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1. INTRODUCTION 

The possibilities for saving energy in street lighting are very significant, because changes can reduce electricity con-
sumption by more than 50% [1]. By replacing street lighting, in addition to saving energy, visual comfort and safety 
are improved [2]. One of the most common measures is the replacement of light sources with more efficient LED 
lamps, which is increasingly becoming a satisfactory and cost-effective solution due to its low energy consumption 
[3], long life, reduced investment costs [4] and maintenance costs [5], less environmental impact [6] and many other 
advantages. 

In terms of uniformity of street lighting and the comfort it provides, the results show the positive effects of LED street 
lighting on the surveyed pedestrians and vehicle drivers, as shown by a study conducted for the city of Vienna [7]. 
When comparing LED lighting and HPS lamps, the results of the analysis for the possibility of improving road lighting 
standards in Thailand [8], show that the LED lamp has a better energy saving effect than HPS lamp (reduction of 
energy efficiency index by approximately 40% compared to HPS lamp), which indicates that municipalities and cities 
benefit from the use of LED lamps. However, although the lighting quality results for LED lamps have values approx-
imately the same as those of the standard ones, the lighting quality needs to be improved in terms of uniformity. In 
an another research, within the analysis of the optimal lighting solutions characterized by the lowest installed power, 
it was shown that when considering mesopic effects the average energy savings achieved comparing LED (NW and 
WW) with HPS lighting solutions amounted to 41–62% and 29–59%, respectively, while the ratio between the total 
costs of the comparable LED (NW and WW) and HPS lighting solutions belonged to the ranges 0.59–1.26 and 0.61–
1.14, respectively. [9] It has also been observed that improvement in areas with poor lighting systems can reduce 
traffic accidents by up to 35% [10]. 

The public lighting system is an important municipal function not only because of energy consumption/savings and 
traffic safety, but also because of its great role in public health and social welfare [11]. Moreover, it is significantly 
effective in reducing crime and strengthening personal security [12], as well as in overall social well-being [13]. 

Public lighting also plays a significant role in creating smart cities. The research [14] shows that unlike conventional 
lighting control systems, that focus only on controlling the lighting levels, the introduced method provides a more 
effective control solution. The accuracy of this technique is supported by the results of system simulation and imple-
mentation. The proposed method is recommended as a novel strategy for meeting the requirements of smart grids, 
smart cities, and unregulated energy markets. 

Also, there is a connection between using two types of warm white and cool white in smart cities [15]. The proposed 
method benefits from two types of warm white and cool white LEDs and their input power control to adjust the 
luminous flux and resulting correlated color temperature of light-emitting diodes. The simulation findings confirm 
the performance of the introduced method. This technique is recommended as a novel strategy, especially to meet 
the requirements of inhabitants of smart cities. 

Public lighting connects hundreds of millions of streetlights with access to power across the globe, being responsible 
for 19% of global electricity usage, 30% - 50% of a typical city's energy bill and the already exceeding levels of CO2 
emissions [16]. Nowadays, 5.56% of the energy generated in Ecuador is destined to the public lighting service [17]. In 
Brazil, the public lighting sector is a responsibility of the municipal government and typically represents around 4% 
of the electricity consumed by cities [18]. 

In Serbia, as well as in the surrounding countries, costs for public lighting in municipal/city budgets are a significant 
item – the public lighting in the city of Rijeka, in Croatia, for example, takes about 3% of total electricity consumption 
in the city, which is a significant cost for municipal budgets [19]. 

Due to all the above, it is necessary to replace outdated street lighting with modern LED lighting. However, the im-
provement and modernization of public lighting systems in cities and municipalities is often hampered by high per-
ceived investment risks, long payback periods and a lack of capacity for local governments to implement these pro-
jects themselves. At the municipal level, these issues are particularly pronounced because the procurement, imple-
mentation and management of retrofitting may exceed existing municipal management capacities. Therefore, pub-
lic-private partnership is emerging as one of the solutions for improving the public lighting system and energy effi-
ciency in cities and municipalities [20]. 
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2. PRIBOJ MUNICIPALITY CASE STUDY 

2.1. Electric Power Consumption in Public Sector 

Electricity consumption in the public sector includes electricity consumption in public buildings and public lighting. 
The analysis of consumption in the period of four years (2016-2019) shows that the share of electricity consumption 
for public lighting was 60% higher than the share of electricity consumption in public buildings. 

During the 2016 and 2017, electricity consumption in public buildings in Priboj municipality was 1,092,579 kWh and 
1,136,660 kWh, respectively, while electricity consumption in public lighting was 1,644,541 kWh and 1,610,204 kWh, 
respectively. In 2018 and 2019, electricity consumption in the public sector in Priboj municipality was a little less. 
Public buildings electricity consumption in 2018 and 2019 was 1,099,518 kWh and 1,137,884 kWh, respectively 
(slightly increased, compared to the previous two years), while electricity consumption in public lighting was signifi-
cantly reduced, i.e. 1,306,939 kWh and 1,306,048 kWh, respectively. 

 

 

Figure 1: Structure of electricity consumption in the public sector before lamp replacement 

2.2. Previous situation in public lighting 

The main characteristics of the public lighting system in the municipality of Priboj were mostly inefficiency and obso-
lescence, and as such, the system did not provide quality lighting. There were high costs for energy and maintenance. 
In addition, the function of the system was significantly impaired by years of insufficient or poor maintenance. 

The maintenance of the public lighting system carried out by the municipality included the replacement of light 
sources (bulbs) and other parts of lamps (ballasts, bulb sockets, glass protectors), replacement of damaged lamps, 
replacement of damaged poles and cable installations, replacement of damaged parts of control units (meters, con-
tactors, photo relays, astronomical clocks, fuses) and, if necessary, system expansion. 

Table 1: Condition of lamps before replacement 

STRUCTURE OF  
LAMPS 

NUMBER OF 
LAMPS 

INSTALLED POWER 
(in kW) 

Mercury 125М 998 137.23 

Mercury 250М 243 66.83 

Sodium 70М 595 45.82 

Sodium 100М 36 3.96 

Sodium 150М 33 5.45 

Sodium 250М 48 13.20 

Spotlight МХ 30 1 0.03 

Spotlight МХ 150 10 1.65 

Spotlight МХ 250 4 1.10 

Spotlight МХ 400 2 0.88 

Spotlight НА 250 4 1.10 
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Spotlight НА 400 10 4.40 

Existing  LED 28 64 1.79 

Existing  LED 39 57 2.22 

Existing  LED 57 152 8.66 

Existing  LED 84 202 16.97 

Existing  LED 110 20 2.20 

Existing  LED spotlight 50 7 0.35 

Existing  LED spotlight 100 16 1.60 

Existing LED spotlight 400 28 11.20 

TOTAL: 2,530 326.62 
 

On the whole, the quality of maintenance of the public lighting system was insufficient, which resulted in insufficient 
quality of the lighting itself. This situation endangered the safety of all participants in traffic, and the problem of in-
adequate lighting particularly posed the problem for the traffic safety of children - pedestrians. 

Table 1 shows the condition of the lamps before the replacement of the bulbs - the total number of lamps and the 
total installed power. 

Figure 2 represents the percentage structure of public lighting in the municipality of Priboj. As it can be seen, the 
existing lighting was dominated by mercury bulbs with 49.05% and sodium bulbs with 28.14%. 

 

 

 

 

 

 

 

 

 

 
Figure 2: Structure of public lighting before light bulb replacement 

2.3. Improved condition 

When drafting the reconstruction proposal and finding the optimal lighting solution, the following principles were 
followed: 

- to rely on the existing electrical installation for the solution, 

- to propose a rational solution that meets the necessary lighting criteria relating to a given category of road, to 
the extent that the current network infrastructure allows it, 

- to meet the required levels of illumination with adequate installed equipment, meaning that it is necessary to 
use the highest quality lamps and to meet the applicable standards and regulations regarding the illumination 
of roads. 

- to significantly reduce electricity consumption. 

In addition to the choice of lamps, it is important to consider the method of managing the public lighting system. The 
following results are achieved by managing public lighting: 

- reduction of energy consumption and CO2 emissions, 

- reduction of light pollution, 

- reduction of maintenance costs. 

By installing an appropriate control system, it is possible to provide night control of lighting and reduce the intensity 
of light emitted by each lamp, while maintaining uniformity of illumination. There are different systems for managing 

49.05
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1.24
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public lighting. The most economical way to regulate night lighting is through built-in automatic dimmers in the 
lamps. It is a tested technology that has been functioning reliably for many years. The rate of failures in newly installed 
luminaires is minimal and they are eliminated by a private partner during the term of the contract. 

The analysis of the data obtained by field measurements, which are shown in Table 1, established the exact number 
of lamps that are the subject of reconstruction and calculated the exact installed power. When choosing new lamps, 
it was made sure that they have good photometric characteristics, a high degree of mechanical and electrical protec-
tion, made of quality and unbreakable materials, which ensures a long service life. 

During the public-private partnership, the private partner prepares project documentation, procurement, transport 
and installation of equipment, managing the replacement of existing lamps for energy efficient LED lamps, disposal 
of old equipment in a place determined by the public partner, financing, insurance (in the first year ) and maintenance 
of the project and public lighting system for the duration of the contract, with the aim of reducing budget costs and 
raising the level of efficiency in the provision of public services. The project is fully financed from the potential of a 
private partner - there are no investments for local self-government. 

The analysis of the categorization of roads and the number of existing luminaires determined the exact number of 
LED luminaires needed for the reconstruction of public lighting and their installed power. Based on these principles, 
Table 2 shows the newly designed solution. 

Table 2: Condition of lamps after replacement  

Type of lamp and its 
power (W) 

Total Num-
ber 

Total Installed 
Power in (kW) 

Total dimmed 
installed power in (kW) 

NEW LED 80 W 99 7.92 6.73 
NEW LED 60 W 359 21.54 18.31 
NEW LED 45 W 17 0.77 0.65 
NEW LED 40 W 994 39.76 33.8 
NEW LED 25 W 484 12.1 12.1 
NEW REF 60 W 11 0.66 0.66 
NEW REF 100 W 20 2.00 2.00 
LED REF 50 W* 7 0.35 0.35 
LED REF 100W* 16 1.6 1.6 
LED REF 400W* 28 11.2 11.2 
LED LAMP.28W* 64 1.79 1.79 
LED LAMP 39W* 57 2.22 2.22 
LED LAMP 57W* 152 8.66 8.66 
LED LAMP 84W* 202 16.97 16.97 
LED LAMP 110W* 20 2.2 2.2 

TOTAL 2530 129.74 119.24 
 

Estimated financial savings: 

After the reconstruction, the Municipality of Priboj in the first year should achieve guaranteed savings of at least 
1389293 RSD or 11675 EUR, which is 10% of current expenditures on the electricity bill annually. The estimated finan-
cial savings during the 15-year contract should reach about 26 million RSD for the Municipality of Priboj (in case there 
is no increase in electricity prices in the next 15 years, which is unlikely). 

3. ACHIEVED SAVINGS 

Table 3 shows electricity consumption and energy savings for public lighting in the municipality of Priboj, in 2019 
and 2020.  

Table 3: Savings in electricity consumption  

Period Electricity consumption for pub-
lic lighting in 2019 (kWh) 

September 2019 97,129 
October 2019 136,984 
November 2019 128,850 
December 2019  148,365 

TOTAL ELECTRICITY  CONSUMPTION IN 4 
MONTHS OF 2019 (kWh) 

511,328 
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Period Electricity consumption for pub-
lic lighting in 2020 (kWh) 

September 2020  44,017 
October 2020 57,052 
November 2020 60,392 
December 2020 70,718 

TOTAL ELECTRICITY  CONSUMPTION IN 4 
MONTHS OF 2020 (kWh) 

232,179 

Period Electricity savings (kWh) 
September 2020  53,112 
October 2020 79,932 
November 2020 68,458 
December 2020 77,647 

TOTAL ELECTRICITY SAVINGS (kWh) 279,149 

Period Electricity savings (%) 
September 2020  55 
October 2020 58 
November 2020 53 
December 2020 52 

AVERAGE ELECTRICITY SAVINGS (%) 55 

Savings in electricity consumption amount from 53 112 kWh to a maximum of 79 932 kWh, which is a percentage of 
52-58%, an average of 55% for the four analyzed months. Figures 3 shows the graphical presentation of reduction of 
electricity consumption for public lighting, for the analyzed period (September 2019-December 2020).   

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3: Reduction of electricity consumption – comparison between previous and new public lighting system  

Table 4 shows reduction of CO2 emission for public lighting in the municipality of Priboj, for the period from Septem-
ber 2019 to December 2020.  

Table 4: CO2 emission savings 

Period  CO2 emission in 2019 (tCO2) 

September 2019  106.84 
October 2019 150.68 
November 2019 141.74 
December 2019  163.20 

TOTAL CO2 EMISSION IN 4 MONTHS OF 2019 (tCO2) 562.46 

Period CO2 emission in 2020 (tCO2) 
September 2020  48.42 
October 2020 62.76 
November 2020 66.43 
December 2020 77.79 
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TOTAL CO2 EMISSION IN 4 MONTHS OF 2020 (tCO2) 255.40 
Period CO2 emission reduction (tCO2) 
September 2020  58.42 
October 2020 87.93 
November 2020 75.30 
December 2020 85.41 

TOTAL CO2 EMISSION REDUCTION (tCO2) 307.06 

Period CO2 emission reduction (%) 
September 2020  55 
October 2020 58 
November 2020 53 
December 2020 52 

AVERAGE CO2 EMISSION REDUCTION (%) 55 

Results, obtained after installing the new LED lamps, in analyzed period, show the reduction in CO2 emissions in range 
from 58.42 tCO2 to 87.93 tCO2. As a percentage, the reduction in CO2 emissions is up to 52 to 58%, which is an average 
of 55%. 

Figure 4 shows reduction of CO2 emissions in a case of municipality of Priboj, after installing LED lamps, for the same 
period as electricity consumption (from September 2019 to December 2020). It can be concluded that a significant 
reduction in CO2 emissions is achieved with new LED lamps, compared to the previous system of public lighting with 
dominant mercury bulbs and sodium bulbs.      

 

Figure 4: Reduction of CO2 emissions - comparison between previous and new public lighting system 

Table 5 shows electricity cost reductions, obtained with LED lamps in the municipality of Priboj, for the period from 
September 2019 to December 2020. 

Table 5: Savings in electricity costs 

Period  
Cost of electricity for public 
lighting in 2019 (RSD) 

September 2019  1,136,164.47 
October 2019 1,604,476.30 
November 2019 1,508,681.19 
December 2019  1,737,011.62 
TOTAL ELECTRICITY COSTS IN 4 MONTHS OF 2019: 5,986,333.58 

Period 
Cost of electricity for public 
lighting in 2020 (RSD) 

September 2020  471,923.17 
October 2020 611,085.91 
November 2020 646,711.74 
December 2020 757,052.07 
TOTAL ELECTRICITY COSTS IN 4 MONTHS OF 2020: 2,486,772.89 
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Period 
Savings in electricity costs for 
public lighting (RSD) 

September 2020  664,241.30 
October 2020 993,390.39 
November 2020 861,969.45 
December 2020 979,959.55 
TOTAL SAVINGS IN ELECTRICITY COSTS: 3,499,560.69 

Period 
Savings in electricity costs for 
public lighting (%) 

September 2020  58% 
October 2020 62% 
November 2020 57% 
December 2020 56% 
AVERAGE SAVINGS IN ELECTRICITY COSTS 58% 

Savings in electricity costs on a monthly basis amount to 664,241.30 to 979,959.55 dinars. As a percentage, savings 
range from 56 to 62%, averaging 58% on a monthly basis compared to the same period previous year. 

Figure 5 shows the structure of electricity consumption in the last five years and shows that the share of electricity 
consumption for public lighting was 60% higher than the share of electricity consumption in public buildings in 2016, 
and in 2020 consumption was higher for public buildings than for public lighting.  

 

Figure 5: Structure of electricity consumption in the public sector before and after lamp replacement 

4. CONCLUSION 

The replacement of existing light sources with more efficient LED lamps is increasingly becoming a satisfactory and 
cost-effective solution due to its low energy consumption, long life, improved quality of lighting, and thus increased 
general safety and satisfaction of citizens, reduced investment and maintenance costs, lower environmental impact 
and many other benefits. Better quality of life of citizens is achieved through greater safety in traffic, both for pedes-
trians and drivers, and by reducing the number of traffic accidents. New LED lighting also affects general security, 
reduces social crime and strengthens personal security. In addition, new LED lighting contributes to the creation of 
smart cities. At the same time, as it is a public-private partnership project, quality maintenance by a private partner 
and quality management of the public lighting system is achieved. 

This paper represents the possibility for reduction of electricity consumption and thus CO2 emissions, by replacing 
existing lighting with LED lighting, in a case of public lighting system of the municipality of Priboj.  The savings 
achieved are: reduction of electricity consumption in four months period by an average of 55%, average reduction of 
CO2 emissions by 55%, while reduction of electricity costs is averagely 58%.  These results clearly show the importance 
of replacing obsolete public lighting devices with new ones, both in terms of energy saving and emission reduction, 
as well as in financial term. 

ACKNOWLEDGEMENTS 

This research is part of the projects TR 33015, TR 35033 and III 42006. The authors would like to thank to the Ministry 
of Education, Science and Technological Development of Republic of Serbia for the financial support during this re-
search. 



Vol. 1 • (2022) • No. 2 Engineering Today 

 FMCE Kraljevo 27 

REFERENCES 

[1] J.A. Lobão, T. Devezas and J.P.S. Catalão, “Energy efficiency of lighting installations: software application and 
experimental validation”, Energy Reports, pp. 110-115, https://doi.org/10.1016/j.egyr.2015.04.001,  (2015) 

[2] S. Ferrar and M. Beccali, “Energy-environmental and cost assessment of a set of strategies for retrofitting a pub-
lic building toward nearly zero-energy building target”, Sustainable Cities and Society, pp. 226-234, 
https://doi.org/10.1016/j.scs.2017.03.010,  (2017) 

[3] M.Beccali, M.Bonomolo, V.Lo Brano, G.Ciulla, V.Di Dio, F.Massaro and S.Favuzza, “Energy saving and user satis-
faction for a new advanced public lighting system”, Energy Conversion and Management, Vol.195, pp. 943-957, 
https://doi.org/10.1016/j.enconman.2019.05.070, (2019) 

[4] S. Li, Y. Jiang and B. Guan, “Field evaluation of light performance for new light sources in roadway lighting ap-
plications”, pp. 372-385, Journal of Traffic and Transportation Engineering, (2014)  

[5] D. Campisi, S. Gitto and D. Morea, “Economic feasibility of energy efficiency improvements in street lighting 
systems in Rome”, Journal of Cleaner Production, pp. 190-198, https://doi.org/10.1016/j.jclepro.2017.12.063, 
(2018) 

[6] L. Tähkämö and L. Halonen, “Life cycle assessment of road lighting luminaires comparison of light-emitting 
diode and high-pressure sodium technologies”, Journal of Cleaner Production, pp. 234-242, 
https://doi.org/10.1016/j.jclepro.2015.01.025, (2015)  

[7] K. Markvica, G. Richter and G. Lenz, “ Impact of urban street lighting on road users’ perception of public space 
and mobility behavior”, Building and Environment, Vol. 154, pp. 32-43, https://doi.org/10.1016/j.build-
env.2019.03.009, (2019) 

[8] S. Yoomak, C. Jettanasen, A. Ngaopitakkul,  S. Bunjongjit and M. L. Lajindakrairerk, “Comparative study of light-
ing quality and power quality for LED and HPS luminaires in a roadway lighting system”, Energy and Buildings, 
Vol. 159, pp. 542-557, https://doi.org/10.1016/j.enbuild.2017.11.060, (2018) 

[9] M. Davidovic, M. Kostic, “Comparison of energy efficiency and costs related to conventional and LED road light-
ing installations”, Energy, Available online,  p. 124299, https://doi.org/10.1016/j.energy.2022.124299, (2022)  

[10] M. Jackett, W. Frith, “Quantifying the impact of road lighting on  road safety - in A New Zealand Study”, IATSS 
Res., pp. 139-145, https://doi.org/10.1016/j.iatssr.2012.09.001, (2013) 

[11] M. J. Mirzaei, R. Dashti,  A. Kazemi and M. H. Amirioun, “An asset-management model for use in the evaluation 
and regulation of public-lighting systems”, Utilities Policy, Vol. 32, pp. 19-28, 
https://doi.org/10.1016/j.jup.2014.12.001, (2015) 

[12] O. Rabaza, et al., “A simple method for designing efficient public lighting, based on new parameter relation-
ships” Expert Systems with Applications, https://doi.org/10.1016/j.eswa.2013.07.037,  Volume 40, 2013, pp. 
7305-7315 

[13] A. Haans and Y. AW. de Kort, “Light distribution in dynamic public lighting: two experimental studies on its ef-
fects on perceived safety, prospect, concealment, and escape”, Journal of Environmental Psychology, pp. 342-
352, https://doi.org/10.1016/j.jenvp.2012.05.006,  (2012)  

[14] J. Kalani and M. Kalani, “Energy cost control of LEDs considering the price of electricity and the desired lighting 
levels to meet the requirements of smart grids, smart cities, and unregulated energy markets”, Optik, Vol. 258, 
p. 168926, https://doi.org/10.1016/j.ijleo.2022.168926,  (2022) 

[15] J. Kalani and M. Kalani, “Adaptive correlated color temperature control of LEDs considering ambient sound var-
iations as a novel strategy to meet the requirements of inhabitants of smart cities”, Optik, Vol. 261, p. 169193, 
https://doi.org/10.1016/j.ijleo.2022.169193,  (2022)  

[16] F. Pardo-Bosch, A. Blanco, E. Sesé, F. Ezcurra and P. Pujadas, ”Sustainable strategy for the implementation of 
energy efficient smart public lighting in urban areas: case study in San Sebastian”, Sustainable Cities and Soci-
ety, Vol. 76,  p. 103454, https://doi.org/10.1016/j.scs.2021.103454,  (2022)  

[17] S. G. Pulla, D. Borge-Diez and D. Icaza, “Energy sector in Ecuador for public lighting: Current status”, Energy Pol-
icy, Vol. 160,  p. 112684, https://doi.org/10.1016/j.enpol.2021.112684,  (2022) 

[18]  A. L. Salvia, L. L. Brandli, W. L. Filho and R. M. L. Kalil, “An analysis of the applications of Analytic Hierarchy Pro-
cess (AHP) for selection of energy efficiency practices in public lighting in a sample of Brazilian cities”, Energy 
Policy, Vol. 132,  pp. 854-864, https://doi.org/10.1016/j.enpol.2019.06.021,  (2019)  



Engineering Today Vol. 1 • (2022) • No. 2 

 28 A. Radojevic et al. 

[19] D. Radulovic, S. Skok and V. Kirincic, “Energy efficiency public lighting management in the cities”, Energy, Vol. 
36, No. 4, pp. 1908-1915,  https://doi.org/10.1016/j.energy.2010.10.016,  (2011)  

[20] F. P. P. von Flotow and C. Nolden, “Modes of governance for municipal energy efficiency services – The case of 
LED street lighting in Germany” in Journal of Cleaner Production Vol. 139, pp. 133-145, 
https://doi.org/10.1016/j.jclepro.2016.07.100,  (2016)  

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


